Crude mannose isomerase preparation from Xanthomonas rubrilineans S-48 which converts D-mannose to D-fructose was further purified by ammonium sulfate fractionation and DEAE-cellulose column chromatography. The specific activity of the purified enzyme solution was about 35-fold of original crude preparation. By using this purified enzyme solution, several enzymatic properties were investi gated.
INTRODUCTION
In the previous paper1,2) , authors reported that a newly isolated bacterium having mannose isomerase was identified as Xanthomonas rubriline ans; the enzyme was corstitutive and widely dis tributed in bacteria which belong to Xanthomonas.
The present report deals with purification and some properties of mannose isomerase from
Xanthomonas rubrilineans S-48. EXPERIMENTAL Organism.
The organism used in this paper was Xanthomonas rubrilineans S-48 isolated by the author . Assay of mannose isomerase activity .
The assay of mannose isomerase was carried out as follows: The reaction mixture was prepared by adding I ml of 0.1 M phosphate buffer solution (pH 8) and 0 .2 ml of 0.1M mannose to the enzyme solution to make the total volume 2 ml. The reaction mixture was incubated for thirty to sixty minutes at 35°C. The reaction was stopped by the addition of 2ml of 0.5M perchloric acid. Fructose formed was determined by the cysteine carbazole method.
The amount of enzyme which will produce 1µM of fructose from mannose per hour at 35°C under the above assy condition is defined as u unit of the enzyme.
Determination of protein.
Protein was determined by the Lowry's method.
Purification of enzyme. X. rubrilineans S-48 was grown in the synthetic medium containing 1% glucose as a sole carbon source as previ ously described. The cells were centrifuged, washed twice with 0.02 M phosphate buffer solution (pH 7), suspended in the same buffer solution and then the cell suspension was sonicated at a frequency of 10 KC for fifteen to twenty minutes. After centrifugation at 10,000 rpm for ten minutes, the supernatant (80ml) was brought to 40% saturation by the addition of 19.2g of solid ammonium 1) Y. Takasaki , 0. Tanabe, J. Agr. Chem. Soc. Japan, 37, 524 (1963) . 2) Y. Takasaki , 0. Tanabe, This journal, 28, 601 (1964) .* P resent address; Seisei K .K., 4, Shimura-chio, Itabashi-ku, Tokyo.
Yoshiyuki TAKASAKI, Shuntaro TAKANO and Osamu TANABE sulfate and was adjusted to pH 7 by the addition of ammonia. After being stirred for ten minutes under low temperature, the mixture was centrifuged and the supernatant brought to 60%, saturation by adding 10.6g of solid ammonium sulfate. After ten minutes, the sus pention was centrifuged and the precipitate was dissolved in 20 ml of water and treated with 1.8 ml of 2% protamin. The 40-60,'c fraction by the addition of solid ammonium sulfate was collected in the same way as above. The precipitate was dissolved in 10 ml of water and the centri fuged supernatant was then dialyzed overnight against 11 of 0.02 M phosphate buffer solution (pH 7) containing 5 x 10-"M cysteine. The precipitate in the dialyzed bag was centrifuged and the supernatant poured onto a DEAFcellulose column (1.3 X 18 cm) which was pretreated with 0.02 M phosphate buffer solution (pH 7). The enzyme absorbed by the column was eluted with 0.02 M, 0.05 at, 0.1M and 0.2M phosphate buffer solution (pH 7). Flow rate was approximately 5 ml per hour and the elute was collected every 5 ml.
The results of the purification processes are shown in Table I . Fig. 1 shows the result of the enzyme elution from this column. were mixed and treated at various temperature After five minutes treating , the reaction mix lures were immediately cooled and added with 0.2 ml of 0.1 M mannose to make the final volume 2 ml and the residual enzyme activities were measured. The results are shown in Fig. 3 The enzyme is unstable above 40°C , but is stabi lized in the presence of Ca++ . pH stability To 1ml of each buffer solution (MacIlvane buffer and Sorensee buffer), 0.2 ml of enzyme solution was added and the mixture was kept at room temperature (27°C) for five hours. After adjustment of pH to 8, 0.2 ml of 0.1 M mannose was added to make the final volume 2 ml and the residual enzyme activities were measured. The result shown in Fig. 4 indicates that the mannose isomerase is stable under the pH range Table  II .In order to determine whether these inhibitions by D-arabinose and L-fucose are competitive or not, the reciprocals of velocities in the presence and absence of inhibitors (1 X 10-2 at) were ploted against the reciprocals of substarate concentra tions. The results shown in Fig. 5 suggest that these inhibitions are competitive since the inter cept does not change. From the inclination of the lines, the Ki values were calculated to be 1.1 X 10-2M for D-arabinose and 7.1 X 10-4M for L-fucose. Palleroni and Doudroff3) reported that the structure of sugar, being necessarily be the sub strate for mannose isomerase, shoud be the same as that of mannose in the structural configura tion of the first five carbon atoms, since D-lyxose and D-rhamnose were also attacked by this iso- merase (Fig. 6 ). In our experiment, althougt D-lyxose and D-rhamonose were not tested, it wa s found that D-glucose, D-galactose, L-rhamnose D-xylose, D-arabinose and L-fucose were not at tacked by the mannose isomerase, and further found that D-arabinose and L-fucose shower strong inhibitory action for the mannose iso merase. The structures of these two sugars differ from that of mannose, which can be attaeked by the enzyme, from a view-point of the strut tural configuration of the OH group at th third carbon atom within first five carbon atom (Fig. 6 ). These facts indicate that D-arabinos and L-fucose have the structures which are cap a ble to bound to mannose isomerase, though these sugars are not attacked by mannose isomerase 3) N.J. Palleroni, M. Doudroff, J. Biol. Chem., 218, 535 (1956) 
